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ORIGINAL RESEARCH

Identification and Validation of Prognostic Risk
Model for Female-Specific Lung
Adenocarcinoma

Siyang Feng, MD; Yunhui Guo, MS; Jianxue Zhai, MS; Siyu Xie, MS; Wei Yang, PhD

ABSTRACT

Background « Lung adenocarcinoma (LUAD) is a major pathological
subtype of non-small cell lung cancer and occurs more commonly in
females than other lung cancer subtypes. Studying female-specific
oncogenes in LUAD may provide personalized medicine approaches for
females with LUAD.

Objective « We aimed to identify the possible female-specific oncogenes
of LUAD and understand their potential impact on treatment strategies
for specific cancer subgroups.

Methods « The gene expression profiles of LUAD were downloaded from
The Cancer Genome Atlas (TCGA) database and the GSE72094 dataset.
TCGA database is currently the largest database of cancer genetic
information. Female-specific differentially expressed genes (DEGs) were
identified by R programming software. Functional annotation of DEGs
was conducted based on KEGG pathway enrichment analysis. Univariate
and multivariate Cox proportion analyses were applied to construct a
prognostic risk score model with the DEGs. Kaplan-Meier and ROC
curves were plotted to validate the predictive effect of the prognostic
DEGs signature. Gene set enrichment analysis (GSEA) was applied to
identify the potential pathways in the high-risk groups in female LUAD.
Finally, the immunohistochemical staining (IHC) was conducted to
verify the expression of CABLES1 in human LUAD samples.

Results « We constructed a prognostic signature that includes 12 female-
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INTRODUCTION

Lung cancer stands as the primary contributor to cancer-
related fatalities globally.' Smoking is intricately linked to the
prevalence of lung squamous cell carcinoma (LUSC).>?
However, non-tobacco-related factors, such as sex and
hormones, may wield significant influence over the onset and

specific DEGs (P < .05). Among them, ABHD6, CABLES1, CXCLS5,
DNAJB4, EFNB2, HLX, MEOX2, MTMR10, PPFIBP1, and RERG were
down-regulated in LUAD, while MFSD6L and SOX9 were up-regulated
in LUAD (P < .0001). The Kaplan-Meier, and receiver operator
characteristic (ROC) curves revealed efficient and stable prediction of
the prognostic signature in the female LUAD patients. It was showed the
risk score model has a good predictive effect on the prognosis of female
LUAD patients but is not effective for male patients (P <.0001). The ROC
curve showed that the areas under the curve (AUC) of first-, third- and
fifth-year survival were 0.70, 0.69, and 0.79, respectively, which indicated
good sensitivity and specificity of the 12-gene risk score algorithm in
predicting the prognosis of female LUAD. GSEA revealed that the high-
risk group was significantly enriched in the EMT, E2F targets, Myc
targets, G2/M checkpoint, glycolysis, hypoxia, and mTORCI signaling
pathways (P < .05). Immunohistochemical staining showed lower
CABLESI expression was associated with higher pTNM stage in female
LUAD but not in male LUAD (P < .05).

Conclusion « Our study constructed and verified a prognostic signature
based on 12 female-specific DEGs of LUAD, which could improve the
understanding of sex-related risk factors involved in LUAD carcinogenesis
and progression, and may provide personalized treatment strategies for
female LUAD patients. (Altern Ther Health Med. [E-pub ahead of print.])

progression of lung adenocarcinoma (LUAD).* Notably, a
higher incidence of LUAD is observed in females, irrespective
of smoking habits. Moreover, LUAD is more prevalent
among premenopausal women compared to postmenopausal
women (58% vs. 47%).° Insights from a prospective cohort of
36,588 peri- and postmenopausal women suggest that
hormone replacement therapy (HRT), comprising estrogen
plus progestin, heightens the risk of lung cancer in a
duration-dependent manner, presenting an approximately
50% elevated risk after 10 years or more.® Furthermore, a
randomized controlled trial involving 16,608 women
underscores the elevated mortality rate among lung cancer
patients treated with combined HRT (estrogen plus progestin)
compared to the placebo group.” Recent systematic analysis
from 18 studies confirms a significant increase in the risk of
LUAD associated with HRT in nonsmoking women, with an
attributable risk of 76%.® Additionally, recent observations
reveal crosstalk between estrogen receptor pathways and
epidermal growth factor receptor (EGFR) in LUAD.” EGFR,
a receptor tyrosine kinase, constitutes a pivotal molecular
target for LUAD. Estrogen signaling induces epidermal
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growth factor (EGF) production, thereby activating EGFR
signaling.'®"" Despite these advancements, gender-related
carcinogenic factors (including sex hormones and associated
receptors and their related molecular pathways) and effective
medical interventions for LUAD remain insufficient. Sex
differences in LUAD biology are based on intrinsic genetic
differences, as well as overlapping epigenetic changes and the
influence of sex hormones.”? A better understanding of the
mechanisms of gender differences in tumor immunotherapy
could allow gender factors to be considered in tumor drug
development, leading to more targeted treatment strategies.

Understanding the landscape of gene expression
alterations in lung adenocarcinoma (LUAD) is paramount
for advancing prognostic models in oncology. Differentially
expressed genes (DEGs) play a pivotal role in delineating
molecular signatures that correlate with disease progression,
treatment response, and patient outcomes. Identifying genes
whose expression levels significantly deviate between tumor
and normal tissues can unravel key molecular pathways
implicated in LUAD pathogenesis. Integrating DEGs into
predictive models enhances the accuracy of patient
stratification and provides insights into the underlying
biological mechanisms driving disease aggressiveness. As
reported previously, sex-biased competitive endogenous (ce)
RNA networks reveal that OSCAR can promote proliferation
and migration of LUAD in women."* Consequently, leveraging
DEGs in prognostic modeling holds promise for refining risk
assessment, guiding personalized therapeutic strategies, and
ultimately improving the clinical management of LUAD
patients. However, few articles have been reported about
possible female-specific oncogenes of LUAD.

With the development of the Cancer Genome Atlas
(TCGA) database based on high-throughput sequencing,
clinicians and researchers have gained a growing
understanding of the pathogenesis of various cancers."
TCGA data are important for guiding the prevention,
diagnosis and treatment of cancers.”” The TCGA database
contains more than 20,000 normally matched samples of
primary cancer and 33 cancer types, including gene
expression data, DNA methylation data, and standardized
clinical data, which are important for clinicians and
researchers to understand the mechanisms of related cancers
and to discover potential prognostic biomarkers.*®

In this study, we aimed to construct an effective
prognostic risk model based on DEGs for female LUAD
using bioinformatic methods, and validate the predictive
effect of the prognostic DEGs signature and identify the
potential pathways in the high-risk group of female LUAD
patients, which might provide new insight into the molecular
pathogenesis of LUAD.

MATERIALS AND METHODS
Data acquisition and preparation

The workflow of the study is displayed in Figure 1. The
RNA sequencing data of LUAD and LUSC samples in The
Cancer Genome Atlas (TCGA) cohort were acquired via the

Figure 1. Workflow chart of prognostic-risk model of female
LUAD
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UCSC Xena browser (https://xenabrowser.net/), which
functioned as a training set. A total of 519 LUAD and 500
LUSC patients with available sexual information were
included in the analysis. TCGA is a landmark cancer
genomics program that has generated comprehensive, multi-
dimensional maps of key genomic changes in various types
and subtypes of cancer. Another dataset of LUAD (GSE72094)
was downloaded from the Gene Expression Omnibus (GEO)
database (http://ncbi.nlm.nih.gov/geo/) and served as a
validation set. GEO is a public repository that archives and
freely distributes high-throughput gene expression and
molecular abundance data, including microarray and next-
generation sequencing experiments. The gene expression
data were annotated based on R software (R-4.0.4-win). The
collected clinicopathological data included age, history of
smoking, TNM stage, survival status, and survival duration
in days. Our research excluded any samples that had missing
or insufficient data on age, grade, stage, survival status, and
survival duration.

Functional enrichment of KEGG based on female-specific
differentially expressed genes

The RNA-seq data of TCGA-LUAD primary solid tumor
and solid tissue normal samples were screened to clear
untrusted data. The limma analyses were applied to identify
the differential expressed genes (DEGs) in female LUAD and
male LUAD patients. Limma is a linear model-based
differential analysis method that was originally developed for
gene-chip data, but has since been applied to RNA sequencing
data as well. It uses the weighted least squares method to
estimate differences in gene expression and corrects for
multiple test problems through Bayesian methods. limma
generally assumes a normal distribution of gene expression
data, performs well when processing large-scale data, and is
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suitable for high-throughput data analysis, such as chip and
large-scale RNA sequencing data, with good control of false
positive rates.'” The DEGs with |log2 fold change (FC)| > 1
and an adjusted P < .05 were considered significant and
visualized using volcano plots. In addition, the intersection
between female DEGs and male DEGs was shown in a Venn
diagram. To further predict the potential functional
enrichment of female-specific DEGs, Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analyses
were performed using the DAVID database (https://david.
nciferf.gov/).'®"

Construction and validation of the predictive risk score
model in female LUAD patients

A univariate Cox regression analysis was performed to
evaluate the overall survival (OS)-associated female-specific
DEGs in the training set. A total of 269 female LUAD
samples with matched survival information were included
for survival analysis. DEGs with P < .05 were further studied.
The univariate Cox regression analysis result showed that 35
female-specific DEGs were significantly associated with OS.
A backward stepwise (according to the Akaike information
criterion [AIC]) multivariate Cox proportion analysis was
conducted to obtain the optimal prognostic genes for the
model. The following formula was applied to calculate the
risk score of each patient, which combined regression
coefficients and expression values of each gene: risk score =
(index gene 1 x expression of gene 1) + (index gene 2 x
expression of gene 2) +...... + (index gene 12 x expression of
gene 12). All female and male LUAD patients in the TCGA
cohort were divided into two subgroups (high-risk group and
low-risk group) according to the median risk score. A
heatmap of 12 DEGs in the risk score model was created with
the pheatmap package. Kaplan-Meier curves were used to
demonstrate the survival function of the two groups. The risk
model’s accuracy for predicting patients’ first-, third- and
fifth-year survival proportions was estimated using the
receiver operating characteristic (ROC) curve. Subsequently,
the prognostic model was validated in the GSE72094 dataset.
Batch effects between TCGA and GEO data were removed by
creating precise models using the “sva” package in R.

Gene set enrichment analysis

Toreveal the related pathways and molecular mechanisms
of the the high-risk gene set of female LUAD patients, gene
set enrichment analysis (GSEA)* was performed using the
GSEA 4.2.3 software (https://www.gsea-msigdb.org/gsea/
index.jsp). The online gene set named “h.all.v7.5.1 symbols.
gmt [Hallmarks]” was used in the GSEA calculation. Gene
sets with P < .05 and a false discovery rate (FDR) < 0.25 after
1,000 permutations were considered significantly enriched.
An FDR < 0.25 indicates that the result is likely to be valid 3
out of 4 times, which is reasonable in the setting of exploratory
discovery where one is interested in finding candidate
hypothesis to be further validated as a results of future
research.

Immunohistochemistry staining for the expression of
CABLESI1 in LUAD

Since high expression of CABLES1 was correlated with
longer OS of male and female LUAD patient, we further
evaluated the expression of CABLES1 in LUAD. A total of
151 patients with LUAD from Nanfang Hospital, Southern
Medical University (Guangzhou, China) were included for
immunohistochemistry analysis. The study followed the
ethical guidelines of the Declaration of Helsinki and was
approved by the Ethics Committee of Nanfang Hospital. All
patients signed informed consent. Paraffin-embedded LUAD
tissues were deparaffinized and rehydrated. The antigens
were retrieved with 10 mmol/L sodium citrate (pH=6.0).
After incubation with 3% H,O, and blocking with goat
serum, the slices were incubated with primary antibody
(rabbit polyclonal antibody to CABLESI, 1:100, AP60124,
Abcepta) at 4°C overnight. The next day, the slides were
incubated with an HRP-conjugated goat anti-rabbit IgG
antibody (1:2000, ab205718, Abcam). The color reaction was
performed with 3-amino-9-ethylcarbazole (AEC) (A2010,
Solarbio, China). Finally, the hematoxylin was used to
counterstain the sections. The slides were photographed
using an Olympus BX53 microscope. Immunohistochemical
staining results were scored in accordance with
immunoreactive score (IRS) standards proposed by Remmele
and Stegner?, in which IRS = SI (staining intensity) x PP
(percentage of positive cells). Negative PP was defined as 0,
0-10%, 10%-50%, 51%-80%, and >80% PP was defined as 1,
2, 3, and 4, respectively. Negative, mild, moderate, and
strongly positive SI was defined as 0, 1, 2, and 3, respectively.

Statistical analysis

All our data processing and picture drawing was carried
out by using R software. GraphPad Prism 9.0 software was
used to analyze and visualize the statistical profile. Two-
tailed Student’s t test analyzed the differences of gene
expression data with normal distribution between tumor and
normal samples. Kaplan-Meier curves were used to describe
survival data, and a two-sided log-rank test was used to
compare data with abnormal distribution between the two
groups. The P < .05 was considered significant.

RESULTS
Functional enrichment of female-specific DEGs in LUAD
A total of 519 LUAD and 500 LUSC patients with
available sexual information were included in the analysis.
There were 279 female (188 smokers and 91 nonsmokers)
and 240 male (179 smokers and 61 nonsmokers) patients in
the LUAD cohort and 130 female (115 smokers and 15
nonsmokers) and 370 male (316 smokers and 54 nonsmokers)
patients in the LUSC cohort. LUSC exhibited a strong male
predominance in incidence (P > .05) (Figure 2A). There were
275 primary LUAD tissues 33 normal lung tissues from
females and 235 primary LUAD tissues, and 25 normal lung
tissues from males. A total of 4496 DEGs in female LUAD
patients and 7347 DEGs in male LUAD patients were

ALTERNATIVE THERAPIES, [E-PUB AHEAD OF PRINT]

Feng—Prognostic Risk Model for Female-Specific Lung
Adenocarcinoma




This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1078-6791. To subscribe, visit alternative-therapies.com

Figure 2. Screening of female-specific DEGs in LUAD patients
from the TCGA database. A. Sex composition of LUAD and
LUSC in the TCGA cohort. B. Volcano plot of DEGs between
females and males in LUAD. C. Venn diagram between
females and males in LUAD. D. Bubble plot of KEGG pathway
enrichment analysis of 614 female-specific DEGs.
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Figure 3. Identification of candidate genes associated with
the prognosis of female-specific LUAD patients. A. Univariate
Cox regression analysis of female-specific DEGs. B. Box plots
of the expression of 12 prognosis-related female-specific
DEGs in female LUAD based on multivariate Cox proportion
analysis. The gene expression data between the two groups
were analyzed by two-tailed Student’s t-test, ****P < .0001. C.
Kaplan-Meier curves of the relationship between CABLES],
DNAJB4, MTMRI0 expression and the survival rate of
female or male LUAD patients in the TCGA cohort.
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identified (Figure 2B) (P < .05). Figure 2C showed 3882
intersected DEGs between females and males and 614
female-specific DEGs in LUAD (P < .05). In addition, the 614
female-specific DEGs were enriched in the cell adhesion

molecules, the Hippo signaling pathway, and steroid hormone
biosynthesis-related signaling pathway based on KEGG
analysis (Figure 2D).

Construction of a prognostic risk score model for female
LUAD patients

The construction of a prognostic risk score model is
beneficial for the early diagnosis and accurate prognostic
prediction of female LUAD patients. A total of 269 female
LUAD samples with matched survival information were
included for survival analysis. The univariate Cox regression
analysis result showed that 35 female-specific DEGs were
significantly associated with OS (P < .05) (Figure 3A). After
multivariate Cox proportion analysis, twelve prognosis-related
DEGs were screened for the risk score model. The boxplots
showed the expression of 12 prognosis-related female-specific
DEGs in the TCGA cohort, including ABHD6, CABLES],
CXCL5, DNAJB4, EFNB2, HLX, MEOX2, MFSD6L, MTMRI10,
PPFIBP1, RERG, and SOX9, between LUAD and normal
samples (Figure 3B). The risk score of each LUAD patient in
TCGA cohort was assessed as follows: risk score = (-0.29819 x
ABHDG6 expression) + (-0.06612 x CABLESI expression) +
(0.009315 x CXCL5 expression) + (0.073456 x DNAJB4
expression) + (0.019709 x EFNB2 expression) + (0.260376 x
HLX expression) + (-0.13034 x MEOX2 expression) + (0.060007
x MFSD6L expression) + (-0.23938 x MTMRI0 expression) +
(0.04584 x PPFIBP] expression) + (0.152708 x RERG expression)
+ (0.01833 x SOX9 expression). Lower expression levels of
CABLESI1, DNAJB4, MTMRI10 were observed in female LUAD
patients with better prognosis (P < .05) (Figure 3C).

The female LUAD patients in the TCGA cohort were
divided into two groups (high-risk and low-risk groups)
based on the median risk score. The distribution of the risk
scores and the relationship between risk scores and survival
were illustrated in scatterplots (Figure 4A, B), which showed
better survival of female patients with LUAD in the low-risk
group. The gene expression profiles of the prognostic risk
genes between the high-risk group and low-risk group were
displayed in the heatmap in Figure 4C. The Kaplan-Meier
curve and log-rank test showed a significantly higher OS
probability in the low-risk group (P < .0001) (Figure 4D),
indicating that the risk score model has a good predictive
effect on the prognosis of female LUAD patients but is not
effective for male patients (Figure 4E). The ROC curve
showed that the areas under the curve (AUC) of first-, third-
and fifth-year survival were 0.70, 0.69, and 0.79, respectively
(Figure 4F), which indicated good sensitivity and specificity
of the 12-gene risk score algorithm in predicting the prognosis
of female LUAD.

Evaluation of the prognostic risk score model in an
independent GEO dataset

To further validate the accuracy and sensitivity of the
prognostic risk score model, GSE72094 was used as an
external validation dataset. There were 180 female LUAD
samples with matched survival data. Consistently, the high-
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Figure 4. Evaluation of the prognostic risk score model in the
TCGA cohort. A-B. The distribution of risk scores (A) and
survival outcomes of the high-risk and low-risk groups (B).
C. Heatmap showed the expression of 12 genes between the
two groups in female LUAD. D-E. Kaplan-Meier curves
showed the survival rate between the two groups in female
and male LUAD. E The ROC curves for predicting the first-,
third-- and fifth-year OS of female LUAD patients in the
TCGA cohort.
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Figure 5. Validation of the prognostic risk score model in an
independent GEO dataset. A-B. The distribution of risk
scores (A) and survival outcomes of the high-risk and low-
risk groups (B). C. Heatmap showed the expression of 12
genes between the two groups in female LUAD. D. Kaplan-
Meier curves showed the survival rate between the two
groups in female LUAD. E. The ROC curves for predicting
the first-, third-- and fifth-year OS of female LUAD patients
in the GSE72094 dataset
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risk group suffered a worse survival prognosis, as revealed by
scatterplots and Kaplan-Meier curves (P < .05) (Figure 5A, B,
and D). The gene expression profiles of the prognostic risk
genes between the two groups were shown in Figure 5C, which
was similar to the result in the TCGA training cohort. The
AUCs of first-, third- and fifth-year survival were 0.57, 0.64,
and 0.82, respectively (Figure 5E), indicating the model’s
reasonably acceptable predictive ability. However, due to the
retrospective nature of TCGA and GEO data, we need further
validate the risk score model in prospective studies.

Exploration of signaling pathways based on the risk score
We conducted GSEA to reveal the significant signaling
pathways in the high-risk group based on the prognosis model
in female LUAD. The GSEA revealed that epithelial-
mesenchymal transition (EMT) (FDR<0.0001, P < .0001), E2F
targets (FDR<0.0001, P < .0001), Myc targets (FDR<0.0001, P
<.0001), G2/M checkpoint (FDR<0.0001, P <.0001), glycolysis
(FDR<0.0001, P < .0001), hypoxia (FDR<0.0001, P < .0001),
apical junction and angiogenesis (FDR=0.0003, P < .0001) and
mTORCI signaling pathways (FDR<0.0001, P < .0001) were
significantly enriched in the high-risk group in female LUAD
(Figure 6A and Figure 6B). The occurrence of EMT to
contribute to poor prognosis in LUAD?. It has been reported
that high expression of E2F8 predicts a low 5-year overall
survival rate in LUAD patients.”> MYC overexpression is a
novel form of therapeutic resistance to ROSI1 tyrosine kinase
inhibitors in LUAD.* G2/M checkpoint, glycolysis, hypoxia,
apical junction and angiogenesis and mTORCI signaling
pathways are involved in the progression of LUAD.*%

Figure 6. GSEA reveals the enriched signaling pathways in the
high-risk group of female LUAD patients in the TCGA cohort.
A. Top 10 enriched signaling pathways based on GSEA
enrichment score. B. The enrichment plots of the top 6 enriched
signaling pathways are based on GSEA enrichment score.
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Table 1. Clinical characteristics of LUAD patients in IHC
analysis

Female (n=77)
n (%)

Male (n=74)
n (%)

Age
<60
>60
Smoking status
Present or former smoker
Non-smoker
pT
Tl 32 (41.56%)
36 (46.75%)
9 (11.69%)
0 (0.00%)

40 (51.95%)
37 (48.05%)

36 (48.65%)
38 (51.35%)

3 (3.90%)
74 (96.10%)

55 (74.32%)
19 (25.68%)

22 (29.73%)

35 (47.30%)
13 (17.57%)
4(5.41%)

31 (40.26%)
40 (51.95%)
6 (7.79%)

30 (40.54%)
40 (54.05%)
4 (5.41%)

64 (83.12%)
13 (16.88%)

63 (85.14%)
11 (14.86%)

PTNM stage
1 20
2 16
3 28
4 13

25.97%)
20.78%)
36.36%)
16.88%)

19 (25.68%)
19 (25.68%)
25 (33.78%)
11 (14.86%)

Figure 7. Association between the expression of CABLES1
protein and clinical characteristics. A. Immunohistochemical
(IHC) staining results of CABLESI in female LUAD biopsies.
B THC scores of CABLESI in different pTNM stages of
female LUAD (n=77). Scale bar: 200 um in the upper row
and 20 pum in the lower row. C. THC scores of CABLESI in
primary lesions of female LUAD with or without metastasis.
D. IHC staining results of CABLES1 in male LUAD biopsies.
E. IHC scores of CABLES] in different pTNM stages of male
LUAD (n=74). Scale bar: 200 um in the upper row and 20 um
in the lower row. E THC score of CABLESI in primary
lesions of male LUAD with or without metastasis.
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Expression validation of prognostic gene CABLES] in 151
LUAD cohorts

To further evaluate the relationship between the
expression of CABLESI protein and clinical characteristics in
LUAD, IHC staining was performed on 151 LUAD tumor
samples (77 females and 74 males) (Table 1). Decreased
CABLES1 was observed in female LUAD with advanced
stage (Figure 7A and B). The samples with lymph node
metastasis and/or distant metastasis (N stage > 0 and/or M
stage > 0) showed decreased CABLES] expression compared
with nonmetastatic tumor samples (Figure 7C). However,

CABLES!] expression did not demonstrate a significant
correlation with tumor stage (Figure 7D, E) and metastasis
(Figure 7F) in male LUAD (P > .05), which indicated the
female-specific role of CABLESI as a tumor suppressor in
LUAD and CABLES] may be a potential biomarker or
therapeutic target for female LUAD.

DISCUSSION

LUSC exhibits significantly higher incidence rates in
male patients, whereas LUAD demonstrates similar incidence
rates between men and women. LUAD tends to metastasize
at an early T stage, posing challenges for effective treatment.
Therefore, there is a critical need for novel biomarkers and
therapeutic targets to delineate specific cancer subgroups and
enhance precision treatment strategies. Estrogen has been
implicated in LUAD carcinogenesis and progression.>®
Recent studies have highlighted the interplay between
estrogen receptor signaling pathways and EGFR in LUAD.”
119 However, further investigation is required to elucidate
sex-related carcinogenic factors.

Our study utilized LUAD gene expression data from the
TCGA and GEO databases to develop a 12-gene signature for
constructing a prognostic risk model. The prognostic risk
score model, comprising ABHD6, CABLESI, CXCL5,
DNAJB4, EFNB2, HLX, MEOX2, MFSD6L, MTMRI10,
PPFIBP1, RERG, and SOX9, demonstrated effectiveness and
stability in predicting the prognosis of female LUAD patients,
suggesting these biomarkers have the potential to guide
personalized treatment decisions such as targeted therapies
or hormone-related interventions. Validation with a GEO
dataset confirmed the reliability of the model. GSEA revealed
that the high-risk group exhibited significant enrichment in
pathways associated with epithelial-mesenchymal transition
(EMT), E2F targets, Myc targets, G2/M checkpoint, glycolysis,
hypoxia, and mTORCI signaling. CABLES] was notably
associated with a favorable prognosis in female LUAD
patients, while DNAJB4 and MTMRI10 were associated with
a poorer prognosis. Immunohistochemical staining of
CABLES1 was conducted in 151 tumor samples, revealing
lower expression of CABLESI in female LUAD patients with
higher pTNM stage but not in males.

CABLES] has been identified as a candidate tumor
suppressor gene.”® Loss of CABLES1 expression has been
observed in human lung,* colon,” ovarian,* and endometrial
cancers.** Mechanistically, CABLESI functions as a linker that
connects cyclin-dependent kinases (CDKs) with nonreceptor
tyrosine kinases (Src, Abl, and Weel), thereby regulating the
activity of CDKs (Cdk2, Cdk3, and Cdk5) through
enhancement of their Y15 phosphorylation.*>* Additionally,
CABLESI interacts with p53 and has been reported to enhance
p53-induced cell death.””*® Moreover, CABLESI serves as an
antagonist of proteasome subunit alpha type 3 (PSMA3),
thereby increasing the stability of the cell cycle regulator p21
protein.®** Loss of CABLES1 has been demonstrated to
promote tumor progression in the ApcMin/+ mouse model
and activate the Wnt/p-catenin signaling pathway.** A tissue
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microarray study revealed that 45% of NSCLC samples
exhibited negative CABLESI expression among 116 tumor
specimen microcores.’’ Our investigation further revealed
downregulation of CABLES] expression in advanced female
LUAD patients. The regulation of CABLES1 and other tumor-
associated genes in the risk score model by gender-related
carcinogenic factors warrants further investigation.

PPFIBP1 serves as an interacting partner of protein
tyrosine phosphatases and has been detected to be fused with
ALK in lung carcinoma patients.*’ Moreover, it has been
postulated as a potential target of the metastasis-associated
protein S100A4.* Multiple chemokines are recognized for
their pivotal roles in driving malignant behaviors, spanning
cancer initiation, progression, and drug resistance.”’ A recent
study has identified that CXCL5 was linked to poorer
response to immunotherapy for NSCLC.** The Sex-
determining region Y (SRY)-related high mobility group box
9 (SOX9) is a crucial transcription factor and has been
observed to be overexpressed in various types of tumors. In
accordance with our investigation, recent studies have
demonstrated elevated levels of SOX9 in cases of lung
adenocarcinoma (LUAD) associated with shorter survival
times.*>* In addition, SOX9 might facilitate tumor growth by
regulating p21 and CDK4,which is potential hallmark of
LUAD.* Elevated expression levels of the RAS-like estrogen-
regulated growth inhibitor gene (RERG) have been linked to
extended survival following surgery among female individuals
with malignant pleural mesothelioma rather than males.
RERG has been identified as a prognostic biomarker specific
to females.”” Overexpression of EFNB2 could enhance lung
development in a nitrogen-induced congenital diaphragmatic
hernia rat model.*® In addition, EFNB2 may serve as a
marker for esophageal squamous cell carcinoma prognosis.*

In contrast to our results, recent research has found that
ABHDE served as the principal monoacylglycerol lipase and
functions as an oncogene in NSCLC. In addition, elevated
expression of ABHD6 has been associated with advanced
TNM stage and poorer prognosis in patients with NSCLC.*
The reason for this difference may be that some of the
samples in the literature were from lung squamous cell
carcinoma, while our samples were all LUAD. DNAJB4
(HLJ1), a member of the HSP40 family, has been previously
recognized as a tumor suppressor gene in lung cancer
patients. DNAJB4 has been identified as hub genes of LUAD
and was downregulated in NSCLC tissues.”"* In addition,
elevated HLJ1 expression was correlated with decreased
cancer recurrence and extended survival among NSCLC
patients.”> MEOX2 could exert genetic and epigenetic
modulation on epidermal growth factor receptor inhibitor
(EGFR) gene expression, facilitating the progression of lung
malignancy.**Aberrantly high methylation of MEOX2 has
been identified in lung cancer.®*The overexpression of
MEOX2 has been shown to promote cisplatin resistance and
proliferation of lung tumor cells. MEOX2 has also been
correlated with diminished overall survival rates and
increased chemoresistance in lung cancer.>*

No published studies have validated the association
between MTMR10, HLX, FSD6L, and LUAD. MTMRI10 has
been associated with pathological conditions such as
interstitial nephritis, karyomegalic encephalopathy, and
schizophrenia. MTMRI10 has been associated with
pathological conditions such as interstitial nephritis,
karyomegalic encephalopathy, and schizophrenia.”
Downregulation of HLX has been observed in gastric cancer,
with its inhibition associated with the downregulation of
T-box transcription factors specific to Th1 cells.” Conversely,
The, downregulation of HLX in acute myeloid leukemia
(AML) has been linked to induction of GO/G1 phase arrest
and inhibition of cell proliferation, facilitated by activation of
the JAK/STAT signaling pathway.® A high level of MFSD6
was associated with paclitaxel resistance in ovarian cancer.®

Our study has some limitations. First, this study was a
retrospective study. Second, due to the genetic heterogeneity
of LUAD, potential confounding factors were not taken into
account in the analysis and were mainly due to the use of
LUAD samples from different platforms, which may introduce
sampling bias. In addition, gene reporter and gene silencing
assays were not conducted in lung cancer cell lines to validate
CABLES] target genes. To address these limitations, future
research should prioritize well-designed prospective clinical
trials, functional analyses of cell lines or animal models, or
studies of the interaction between estrogen signaling and
identifiedDEGs. In addition, we will further discuss the
biological or environmental factors of these sex differences,
considering aspects such as hormonal influences, genetic
predisposition, or lifestyle factors that may influence the
different gene expression patterns of male and female LUAD.

Our study might provide guidance for personalized
treatment decisions such as targeted therapies or hormone-
related interventions for female LUAD patients. The 12-gene
prognostic model should be an effective tool for detecting
high-risk patients, enabling early treatment to maximally
prevent LUAD advancement. While possessing high
predictive power, this model also has a small number of
genes, reducing the economic burden on patients. Thus, it
has great potential for clinical application and transformation.
The genes chosen for the model play a very important role in
tumor development, suggesting that they can be potential
therapeutic targets.

CONCLUSION

In summary, we identified an effective prognostic gene
signature consisting of 12 genes that predict the prognosis of
female patients with LUAD. This discovery provides novel
insights into sex-related risk factors implicated in LUAD
carcinogenesis and progression. Our study provides strong
evidence for gender-related differences in carcinogenesis and
progression of LUAD. Our study may provide an effective
molecule-based reference for early detection, risk
stratification, and effective treatment strategies for LUAD in
women. Our study might provide guidance for personalized
treatment decisions such as targeted therapies or hormone-
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related interventions for female LUAD patients. Accurate
screening of potential benefit populations by effective genetic
markers can help improve the success of clinical trials while
avoiding unnecessary safety risks for patients who are less
likely to benefit. In the near future, we will perform
mechanistic studies to understand the roles of the identified
genes in LUAD, or clinical trials to test the utility of the gene
signature in guiding treatment decisions.
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